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(57) The invention provides a zinc oxide particle 
having suppressed surface activity which gives safe and 
effective UV ray shielding ability (especially at longer 
wavelengths) to a variety of products such as resin 
molds, coating compositions or cosmetics, and a proc- 
ess for the production of the same. 

The zinc oxide particle of the invention has on the 



surface a cover layer formed of zinc silicate in an amount 
of 0.5-50% by weight in terms of zinc silicate (Zn 2 Si0 4 ) 
relative to the zinc oxide. The zinc oxide particle which 
contains solid solution iron or cobalt therein as well as 
a cover layer formed of zinc silicate has effective UV ray 
shielding ability at much longer wavelengths while it is 
suppressed in the surface activity. 



Fig. 3 




Printed by Jouve, 75001 PARIS (FR) 



BNSDOCID: <EP. 



1112984A1_I_> 



EP1 112 964 A1 



Description 

FIELD OF THE INVENTION 



5 [0001] This invention relates to zinc oxide particles having a cover layer formed ot zinc silicate on the surface and 
hence having not only greatly suppressed surface activity and high shielding ability of ultraviolet (UV) rays inclusive of 
those of a long wavelength region around 400 nm but also high transparency to visible light. The invention further 
relates to a process for production of such zinc oxide particles. 

10 BACKGROUND OF THE INVENTION 

[0002] In recent years, the increase of UV radiation which reaches to the surface of the earth or the biosphere as a 
result of the depletion of the ozone layer has come to public notice as a contributing factor to the damage to the human 
health 

15 [0003] Under these circumstances, the interest in the protection of the human body from UV rays is accordingly 
increasing As already known, there are two regions of UV rays reaching the surface of the earth or the biosphere, B- 
region UV rays (UV-B) at wavelengths of 290-320 nm and A-region UV rays (UV -A) at wavelengths of 320-400 nm. 
More recently, there is growing a great interest in the protection of the human body from UV-A rays at longer wavelengths 
as well as UV-B rays. 

20 [0004] Organic UV-absorbers have been conventionally used in resin films : coating compositions (i.e., paints) or 
sunscreen cosmetics. However, the organic UV-absorber has a problem of bleeding. That is, it migrates to the surface 
layer from the inside of resin molds such as resin films or coatings as time passes. The organic UV-absorber has a 
further problem that its UV shielding effect diminishes as time passes owing to the photodecomposition. 
[0005] Furthermore, the conventional organic UV-absorbers are stimulative to the human skin when they are used 

25 in cosmetics, and in addition, they have a limited spectrum of UV rays which they can absorb. Thus, there is now a 
great demand for a material which is able to shield a broader UV spectrum. 

[0006] On the other hand, inorganic UV-absorbers have been also heretofore widely used, especially ultrafine par- 
ticles of rutile titanium dioxide, in the field of coating compositions or cosmetics. However, rutile titanium dioxide has 
a large refractive index (2.7) so that it has a fair hiding power in spite of the fact that they are adjusted to be ultrafine 



30 in their particle size. 

[0007] Accordingly, when rutile titanium dioxide is incorporated in resin molds or coating compositions, it is poor in 
transparency to visible light. Further, when a sunscreen agent which contains rutile titanium dioxide therein is applied 
to the human skin, the titanium dioxide scatters blue light strongly so that the skin often looks pale and unhealthy. As 
a further problem, the rutile titanium dioxide is not enough in shielding effect of UV-A rays. 

35 [0008] To cope with these problems, a composite oxide composed of Ti, Si and Fe was proposed that is excellent 
in shielding ability of UV-A rays (JP-A-9-30933). Iron-containing rutile titanium dioxide ultrafine particles were also 
proposed as a useful material for sun blocking cosmetics which look less pale when being applied to the human skin 
(JP-A-5-330825). However, these modified titanium dioxides are still insufficient in shielding ability of UV-A rays. Fur- 
ther these modified titanium dioxides have still a large refractive index so that they have a tendency to hide the human 

40 skin when they are applied to the human skin. Accordingly, if they are incorporated in sunscreen cosmetics in such an 
amount that they can shield effectively UV-A rays, they have no transparent appearance when being applied to the 
human skin. 

[0009] Ultrafine particles of zinc oxide have an absorption edge at a wavelength of 380 nm, and they are able to 
shield most part of UV-A rays as well as UV-B rays, and moreover, they have a small refractive index (2.0) and highly 

45 transparent. Because the ultrafine particles of zinc oxide are as such, they attract a great deal of attention as a UV- 
absorber in recent years. Thus, they have been heretofore used mainly in the field of cosmetics, but they are now 
spreading their application in various fields on account of their excellent properties in addition to cosmetics. 
[0010] However, on the other hand, various problems have been indicated when the known ultrafine zinc oxide 
particles are used as UV-absorbers. For example, when they are used in thermoplastic resins such as polyethylene 

so terephthalate or polycarbonate, they promote the decomposition of these resin, and deteriorate their moldabil.ty re- 
markably When the known ultrafine zinc oxide particles are used in coating compositions, the zinc oxide reacts with 
a binder resin in the compositions to increase the viscosity of the composition and to gel the composition as time passes. 
[0011] Furthermore, when the resin molds or coatings which contain the known ultrafine zinc oxide particles therein 
are exposed outdoors, there is a problem that the zinc oxide decomposes photocatalytically the resins around the zinc 

55 oxide particles. With regard to cosmetics containing the known ultrafine zinc oxide particles therein, there is a fear that 
reactive oxygen species are photocatalytically generated at the surface of the particles. 

[0012] Zinc oxide has a further property that it is inherently soluble slightly in water and, as is known, the physiological 
effect of the thus dissolved zinc ion has been utilized as astringent in the field of cosmetics from long ago. The chemical 
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reactivity of zinc oxide to saponify fatty acids to form metal soaps is often utilized to absorb sebum secreted by the 
human skin to improve makeup wear, or as deodorant to absorb the body odor components. 

[001 3] These physiological activity and the chemical reactivity of zinc oxide become stronger as it is finer in particle 
size and accordingly, it is demanded to restrain the surface activity of zinc oxide particles, in particular ultrafine zinc 

5 oxide particles, from the viewpoint of its safety for the human skin. 

[001 4] To meet the demand as mentioned above, the present inventors already proposed to treat the surface of zinc 
oxide particles with high density silica in order to restrain the surface activity which zinc oxide inherently possesses 
(JP-A-11-336316). However, such a method as surface treating or coating forms a cover layer formed of hydrated 
oxides such as hydrated silica or alumina on the surface of zinc oxide particles. Accordingly, when zinc oxide particles 

10 are treated by such a method and incorporated in high temperature molding resins or high temperature baking coating 
compositions such as powdery coating compositions or precoat metals, there arises a problem that dull finish of resin 
molds or coatings results due to the coating layer formed of hydrated oxides on the surface of zinc oxide particles as 
mentioned above. 

[0015] The thus hydrated oxide-coated zinc oxide particles have also a fatal defect that they promote the hydrolysis 

15 of resins such as polyethylene terephthalate or polycarbonate resin. 

[0016] In addition, food packaging film must shield UV rays at wavelengths up to of about 400 nm depending upon 
the kind of foods therein, and an topcoat layer of two-coat automobile coating system composed of top coats and 
primer coats must prevent the transmission of UV rays at wavelengths of up to about 400 nm or more. However, ultrafine 
zinc oxide particles alone fail to shield the rays at wavelengths of more than 380 nm. 

20 [0017] The invention has been completed in order to solve the problems involved in the zinc oxide particles known 
heretofore, in particular, the known ultrafine zinc oxide particles. 

[0018] Accordingly, it is an object of the invention to provide zinc oxide particles, preferably ultrafine zinc oxide par- 
ticles, which have suppressed surface activity and give safe and effective UV ray shielding ability to a variety of products 
such as resin molds, coating compositions or cosmetics free from the problems as mentioned hereinabove. 
25 [001 9] It is a further object of the invention to provide a process for the production of such ultrafine zinc oxide particles 
having suppressed surface activity. 

[0020] It is also an object of the invention to provide uses of such ultrafine zinc oxide particles as above mentioned, 
particularly resin molds, coating compositions or cosmetics. 

[0021] It is still an object of the invention to provide ultrafine zinc oxide particles which are able to shield UV rays at 
30 longer wavelengths of about 400 nm. 

DISCLOSURE OF THE INVENTION 

[0022] The invention provides a particulate zinc oxide or a zinc oxide particle having suppressed surface activity 
35 characterized in that it has on the surface a cover layer formed of zinc silicate in an amount of 0.5-50% by weight, 
preferably 1 -1 5% by weight, in terms of zinc silicate (zinc orthosilicate, 2n 2 Si0 4 ) relative to the zinc oxide. 
[0023] Herein the invention, when the terms "in terms of zinc silicate" are used, the "zinc silicate" means zinc ortho- 
silicate, Zn 2 Si0 4 . 

[0024] According to the invention, water-insoluble zinc compounds which are converted to zinc oxide by heating in 
40 the air can be used as raw materials (i.e., starting materials) for the zinc oxide particles of the invention, as mentioned 
in detail hereinafter, as well as particles of zinc oxide itself. Water-soluble zinc salts which form the above-mentioned 
water-insoluble zinc compounds when they are neutralized with a neutralizing agent can be also used as starting 
materials particularly when particles of zinc oxide which have not only solid solution iron or cobalt atoms therein but 
also a cover layer formed of zinc silicate on the surface are to be obtained, as mentioned in detail hereinafter. In these 
45 cases, when the terms "relative to the zinc oxide" are used, they mean "relative to the zinc oxide" which is formed - 
in a theoretical amount, strictly speaking- from the above-mentioned water-insoluble zinc compounds or water-soluble 
zinc salts used as raw materials for zinc oxide in a manner as mentioned above. 

[0025] The zinc oxide particles which have suppressed surface activity are obtainable by adding aqueous solutions 
of a water-soluble silicate and a water-soluble zinc salt to an aqueous suspension of particles of water-insoluble zinc 
so compound in such a chemically stoichiometric ratio so that they form zinc silicate (Zn 2 Si0 4 ) as well as in an amount 
of 0.5-50% by weight in terms of zinc silicate (Zn 2 Si0 4 ) relative to the zinc oxide, washing with water and drying the 
resulting product, and calcining the product at a temperature of 300-1 200 °C thereby forming zinc oxide particles and 
a cover layer formed of zinc silicate on the surface of the particles. 

[0026] There are used as the above-mentioned water-insoluble zinc compound, for example, zinc oxide, zinc hy- 
55 droxide, zinc carbonate, basic zinc carbonate, zinc sulfide or zinc oxalate. 

[0027] When zinc oxide particles which contain iron or cobalt atoms therein in the form of solid solution are to be 
obtained, priorto the addition of aqueous solutions of a water-soluble silicate and a water-soluble zinc salt to an aqueous 
suspension of particles of water-insoluble zinc compound in such a chemically stoichiometric ratio so that they form 
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zinc silicate (Zn 2 Si0 4 ) in the process mentioned above, particles of zinc compound which have hydrated iron oxide or 
cobalt ox.de precipitates on the surface in a predetermined amount relative to the zinc oxide (to be formed) are first 
prepared. Then, aqueous solutions of a water-soluble silicate and a water-soluble zinc salt are added to an aqueous 
suspension of particles of water-insoluble zinc compound in such a chemically stoichiometric ratio so that they form 
zinc silicate (Zn^SiO^, and the resulting product is washed with water and dried, and then the product is calcined at 
a temperature of 300-1 200°C. 

[0028] In this way, the zinc compound particles are converted to zinc oxide particles, that is, zinc oxide particles are 
formed from the zmc compound particles and iron or cobalt atoms are diffused into the thus formed zinc oxide particles 

ELS? V ° n WNIe ,0rmin9 3 ° 0Ver layer of zinc silicate on ,he surface of tha oxide particles 

[0029] It is usually necessaiy to calcine the zinc oxide particles at a temperature at least of several hundred degrees 
preferably at a temperature of as high as of 600-1 OOO'C in order that iron or cobalt atoms form a solid solution in the 
crystals of zinc ox.de particles. However, when zinc oxide particles are heated at such a high temperature, the particles 
grow excessively to fail to provide zinc oxide particles of high transparence. Nevertheless, according to the invention 
zmc oxide particles do not sinter to form large particles if they are heated at such a high temperature because of the 
cover layer formed of zinc silicate on the surface, and hence ultrafine zinc oxide particles are obtained containing solid 
solution iron or cobalt therein. " 
[0030] The invention furtherprovides a particulate zinc oxide orzinc oxide particle having suppressed surface activity 
charactenzed in that it has a first cover layer on the surface comprising zinc silicate in an amount of 0.5-50% by weight 
in terms o zinc silicate (Zn 2 Si0 4 ) relative to the zinc oxide while the particle may contain iron or cobalt atoms in the 
form of sol.d solution, and a second coating layer comprising oxides of at least one element selected from the group 
consisting of Al, Si, Zr, Sn, Sb and rare earth elements in an amount of 0.5-30% by weight in terms of oxides relative 
to the zinc oxide on the first cover layer. 

[0031 1 ] The above zinc oxide particle is obtained by preparing zinc oxide particle having a cover layer formed of zinc 
silicate on the surface while it may contain solid solution iron or cobalt, adding an aqueous solution of water-soluble 
compound of at least one elements selected from the group consisting of aluminum, silicon, tin, zirconium, antimony 
and rare earth elements to an aqueous suspension of the zinc oxide particle, adding an acid or an alkali as a neutral- 
ization agent to neutralize the water-soluble compound and precipitate on the surface of the zinc oxide particle thereby 
forming the second coating layer on the zinc oxide particle. 

[0032] The zinc oxide particle of the invention as mentioned above may be further treated with organosilicon com- 
ES^' -T 6 ^ 1 hi 9 herfattv acid ester s. metal soaps, polyhydric alcohols or alkanolamines, if necessary. 
[0033] The zinc oxide particle of the invention have an average particle size preferably of not more than 0.15 urn.' 

BRIEF EXPLANATION OF DRAWINGS 

[0034] 

Fig. 1 is an X-ray diffraction chart of zinc oxide particles of the invention (Example 1)- 

Fig. Z is an X-ray diffraction chart of ultrafine zinc oxide particles as comparison (Comparative Example 2)- and 
Fig. 3 is a graph showing light transmittance of ultrafine zinc oxide particles containing solid solution cobalt therein 
according to the invention. 

DESCRIPTION OF PREFERRED EMBODIMENTS 

[0035] Zinc oxide particles to be used as raw materials in the invention may be produced by oxidation of electrolytic 
zinc metal, or may be produced by preparing zinc hydroxide by neutralizing an aqueous solution of water-soluble zinc 
compound such as zinc sulfate or zinc chloride and then heating the thus prepared zinc hydroxide. Other zinc com- 
pounds such as zinc carbonate, basic zinc carbonate, zinc sulfide or zinc oxalate also give zinc oxide particles when 
being heated. However, the process for the production of zinc oxide particles to be used as raw materials are not 
specifically limited and they may be produced in any manner other than the above 

[0036] It is preferred that zinc oxide particles to be used as raw materials in the invention are highly transparent, and 
accordingly ,t ,s preferred that they have an average primary particle size of not more than 0.15 H m. When the zinc 
ox.de part.cles have an average primary particle size of more than 0.15 urn, they have high hiding power so that when 
hey are usee I in, for example, resin films, coating compositions or cosmetics, they have inferior transparency and they 
look whitish. However, z.nc oxide particles having an average primary particle size of more than 0.15 pm may be used 
as raw materials, if necessary. The lower limit of average primary particle size of zinc oxide particles to be used as raw 
matenals .s not specifically limited, but it is usually 0.01 urn. Herein the invention, the average primary particle size is 
defined by anthmetic mean of fixed direction diameters (so called Feret size) in a field of view through a 100000 
magnification transmission electron microscope. 
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[0037] The zinc oxide particle of the invention having suppressed surface activity has a cover layer on the surface 
comprising zinc silicate in an amount of 0.5-50% by weight, preferably 1-15% by weight, in terms of zinc silicate 
(Zn 2 Si0 4 ) relative to the zinc oxide. When the amount of zinc silicate is less than 0.5% by weight relative to the zinc 
oxide, the surface activity which zinc oxide inherently possesses is hardly suppressed, whereas the amount of zinc 
5 silicate is more than 50% by weight relative to the zinc oxide, the UV ray shielding effect which zinc oxide inherently 
possesses is remarkably reduced. 

[0038] The zinc oxide particle of the invention which has suppressed surface activity is produced by adding aqueous 
solutions of a water-soluble silicate and a water-soluble zinc salt to an aqueous suspension of starting zinc oxide 
particles in such a chemically stoichiometric ratio so that they form zinc silicate (Zn 2 Si0 4 ) as well as in an amount of 
10 0.5-50% by weight in terms of zinc silicate (2n 2 Si0 4 ) relative to the zinc oxide, washing with water and drying the 
resulting product, and then calcining the product at a temperature of 300-1 200 °C thereby forming zinc oxide particles 
and a cover layer formed of zinc silicate on the surface of the particles. 

[0039] In more detail, it is preferred that the aqueous suspension of starting zinc oxide particles is prepared by 
grinding zinc oxide particles with, such as a sand mill, and then dispersing the particles in water and that the concen- 
ts tration of starting zinc oxide particles is in the range of 50-250 g/L. However, the method for the preparation of the 
aqueous suspension of starting zinc oxide particles or the concentration of starting zinc oxide particles is not specifically 
limited to those above as exemplified. 

[0040] The aqueous solutions of a water-soluble silicate and a water-soluble zinc salt are then added to an aqueous 
suspension of starting zinc oxide particles in such a chemically stoichiometric ratio so that they form zinc silicate 

20 (Zn 2 Si0 4 ) as well as in an amount of 0.5-50% by weight in terms of zinc silicate (Zn 2 Si0 4 ) relative to the zinc oxide. 
If necessary, a neutralization agent is added to the suspension to arrange the pH of the suspension. 
[0041] Alkali metal silicates such as sodium silicate or potassium silicate are preferably used as the water-soluble 
silicate mentioned above, while inorganic acid salts such as zinc sulfate or zinc chloride are preferably used as the 
water-soluble zinc salts, although being not specifically limited to those exemplified. Either of the water-soluble silicate 

25 and water-soluble zinc salt may be first added to the aqueous suspension of starting zinc oxide particles, or both may 
be added at the same time. 

[0042] The thus treated zinc oxide particles are then separated from the suspension, washed, and dried if necessary, 
and then the zinc oxide particles are calcined at a temperature in the range of 300-1 200°C in an oxidative atmosphere, 
for example, in the air. The calcined product is then dry-ground with a suitable means such as a hammer mill, an edge- 
30 runner mill or a jet mill to provide zinc oxide In the form of particles of the invention which has a cover layer formed of 
zinc silicate on the surface and an average particle diameter in the range of 0.01-0.15 u/n. 

[0043] When the calcining temperature is lower than 300°C, hydrated zinc silicate remains undesirably on the surface 
of zinc oxide particles, whereas when the calcining temperature is higher than 1200°C, the zinc oxide particles grow 
excessively to form large particles which are poor in transparency. Accordingly, the calcining temperature is preferably 
35 in the range of 500-11 00°C and more preferably in the range of 600-1 000°C. 

[0044] In addition, a cover layer formed of zinc silicate can also be formed by adding a water-soluble silicate to an 
aqueous suspension of particles of water-insoluble zinc compound, adding a neutralization agent, ageing the resulting 
mixture, washing the resulting product with water, drying and then calcining the product. 

[0045] As described above, the zinc oxide particle of the invention has a cover layer formed of zinc silicate on the 
40 surface. Thus, when it is dispersed in a medium, the surface of the particle is completely masked or separated from 
the medium by the cover layer so that the solubility in water or chemical reactivity to fatty acids which zinc oxide 
inherently possesses is markedly reduced. Furthermore, the zinc oxide particle of the invention is almost completely 
suppressed in photocatalytic activity which zinc oxide inherently possesses. 

[0046] According to the invention, a water-insoluble zinc compound which can be converted to zinc oxide by heating 
in the air, such as zinc hydroxide, zinc carbonate, basic zinc carbonate, zinc sulfide or zinc oxalate, may be used as 
a starting raw material for the zinc oxide particle of the invention in place of zinc oxide particles. More specifically, 
aqueous solutions of a water-soluble silicate and a water-soluble zinc salt are added to an aqueous suspension of 
such particles of water-insoluble zinc compound in such a chemically stoichiometric ratio so that they form zinc silicate 
(Zn 2 Si0 4 ) as well as in an amount of 0.5-50% by weight in terms of zinc silicate (Zn 2 Si0 4 ) relative to the zinc oxide, 

50 washing with water and drying the resulting product, and then calcining the product at a temperature of 300-1 200°C 
thereby forming zinc oxide particles and a cover layer formed of zinc silicate on the surface of the particles. 
[0047] The invention further provides a particulate zinc oxide or a zinc oxide particle which has not only a cover layer 
formed of zinc silicate on the surface in an amount of 0.5-50% by weight, preferably in an amount of 1-15% by weight, 
in terms of zinc silicate (Zn 2 Si0 4 ) relative to the zinc oxide but also iron in the form of solid solution in an amount of 

55 0.1-20% by weight in terms of iron. 

[0048] The solid solution iron is contained in the above-mentioned zinc oxide particle in an amount of 0.1-20% by 
weight, preferably in an amount of 0.5-15% by weight, more preferably in an amount of 1-10% by weight, in terms of 
iron relative to the zinc oxide. The incorporation of solid solution iron in this way makes it possible to provide ultraf ine 
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zinc oxide particles which can shield effectively UV rays at a wavelength region as long as about 400 nm. Such ultrafine 
zinc oxide particles, when being incorporated in cosmetics, have no undesirable reaction with the other components 
in the cosmetics, and have no fear of generating reactive oxygen species. Moreover, they can provide cosmetics which 
appear non-whitish and bare skin-feel finish when being applied to the human skin. 

s [0049] When the amount of the solid solution iron in the zinc oxide particle is less than 0.1 % by weight, the zinc oxide 
is poor in shielding UV-A rays at wavelengths longer than 380 nm, whereas when the amount of the solid solution iron 
in the zinc oxide particle is more than 20% by weight, a part of iron remains as it is and does not form solid solution 
together with zinc oxide lattice, and is present separately from zinc oxide particles. Accordingly, when such zinc oxide 
particles are used in coatings or milky lotions, there arises a problem such as flooding or color separation. 

10 [0050] The zinc oxide particle which contains solid solution iron is obtained by adding an aqueous solution of a water- 
soluble iron salt to an aqueous suspension of zinc oxide particles in an amount ot 0.1-20% by weight in terms of iron 
relative to the zinc oxide, adding a neutralization agent to the mixture thereby to form a layer of hydrated iron oxide on 
the surface of the zinc oxide particles, and then, as mentioned hereinbefore, adding aqueous solutions of a water- 
soluble silicate and a water-soluble zinc salt to the thus prepared aqueous suspension of zinc oxide particles in such 

15 a chemically stoichiometric ratio so that they form zinc silicate (Zn 2 Si0 4 ) as well as in an amount of 0.5-50% by weight 
in terms of zinc silicate (Zn 2 Si0 4 ) relative to the zinc oxide, washing with water and drying the resulting product, and 
then calcining the product at a temperature of 300-1 200°C thereby forming zinc oxide particles and a cover layer formed 
of zinc silicate on the surface of the particles. 

[0051] In order to precipitate hydrated iron oxide on the surface of zinc oxide particles, by way of example, an aqueous 
20 solution of a water-soluble iron salt is added to an aqueous suspension of zinc oxide particles in an amount of 0. 1 -20% 
by weight in terms of iron relative to the zinc oxide, and a neutralization agent is then added to the mixture to neutralize 
the suspension. The water-soluble iron salt used includes, for example, ferrous chloride, ferric chloride, ferrous sulfate, 
ferric sulfate, ferrous nitrate or ferric nitrate, however, it is not limited to those exemplified above. In turn, the neutral- 
ization agent used includes, for example, sodium hydroxide, potassium hydroxide or ammonium hydroxide, however, 
25 it is not limited to those exemplified above. 

[0052] After the preparation of aqueous suspension of zinc oxide particles having a layer of hydrated iron oxide on 
the surface, aqueous solutions of a water-soluble silicate and a water-soluble zinc salt are added to the thus prepared 
aqueous suspension of zinc oxide particles in such a chemically stoichiometric ratio so that they form zinc silicate 
(Zn 2 Si0 4 ) as well as in an amount of 0.5-50% by weight in terms of zinc silicate (Zn 2 Si0 4 ) relative to the zinc oxide, 
30 the resulting product is washed with water and dried, and the product is then calcined at a temperature of 300-1 200°C, 
preferably at a temperature of 500-1 1 00°C, more preferably at a temperature of 600-1 000°C, followed by pulverizing 
to provide zinc oxide particles which has a cover layer formed of zinc silicate and an average particle diameter of 
0.01-0.15 u.m, and in addition, solid solution iron therein. 

[0053] According to the invention, however, a water-insoluble zinc compound which can be converted to zinc oxide 

35 by heating in the air, such as zinc hydroxide, zinc carbonate, basic zinc carbonate, zinc sulfide or zinc oxalate, may 
be used as a starting raw material for the zinc oxide particle of the invention in place of zinc oxide particles. More 
specifically, an aqueous solution of a water-soluble iron salt is added to an aqueous suspension of the water-insoluble 
zinc compound in an amount of 0. 1 -20% by weight in terms of iron relative to the zinc oxide, and a neutralization agent 
is then added to the mixture to neutralize the suspension to put it at a pH of 6.0-9.0 thereby to precipitate hydrated 

40 iron oxide on the surface of the particles of the water-insoluble zinc compound. Then, an aqueous solution of water- 
soluble silicate and a water-soluble zinc salt are added to the thus prepared aqueous suspension of water-insoluble 
zinc compound, and the resulting mixture is washed with water, dried and calcined to form particles of zinc oxide having 
solid solution iron therein while forming a cover layer formed of zinc silicate on the surface of the particles. 
[0054] The particle of zinc oxide having solid solution iron therein can be prepared by a further process. A mixture 

is of an aqueous solution of a water-soluble zinc salt and an aqueous solution of a water-soluble iron salt Is prepared, 
and a neutralization agent is added to the mixture to form coprecipitates composed of a water-insoluble zinc compound 
such as zinc hydroxide, zinc carbonate, basic zinc carbonate, zinc sulfide or zinc oxalate (preferably, zinc hydroxide) 
and a water-insoluble iron compound (for example, hydrated iron oxide). The coprecipitates are then treated in such 
a manner as described hereinabove to form particles of zinc oxide having solid solution iron therein while forming a 

so cover layer formed of zinc silicate on the surface of the particles. 

[0055] The zinc oxide particles having solid solution iron therein as well as a cover layer formed of zinc silicate on 
the surface have high ability to shield UV-A rays at wavelengths more than 380 nm. Moreover, when the zinc oxide 
particles are incorporated in a composition such as cosmetics or coating compositions, the surface of the particle is 
completely masked or separated from the medium used by the cover layer formed of zinc silicate on the surface so 

55 that it has remarkably reduced solubility in pure water or chemical reactivity to the components in the compositions, 
as well as it is substantially completely suppressed in photocatalytic activity. 

[0056] The invention still further provides a particulate zinc oxide or a zinc oxide particle which has not only a cover 
layer formed of zinc silicate on the surface in an amount of 0.5-50% by weight, preferably in an amount of 1-15% by 
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weight, in terms of zinc silicate (Zn 2 Si0 4 ) relative to the zinc oxide but also cobalt in the form of solid solution in an 
amount of 0.5-30% by weight, preferably in an amount of 1 -25% by weight, more preferably in an amount of 3-20% by 
weight, in terms of cobalt oxide (CoO). 

[0057] The zinc oxide particle which contains solid solution cobalt is obtained in the same manner as the solid solution 

5 iron containing zinc oxide particle as mentioned above. The solid solution cobalt containing zinc oxide particle is ob- 
tained by adding an aqueous solution of a water-soluble cobalt salt to an aqueous suspension of zinc oxide particles 
in an amount of 0.5-30% by weight in terms of cobalt oxide (CoO) relative to the zinc oxide, adding a neutralization 
agent to the mixture thereby to form a layer of hydrated cobalt oxide on the surface of the zinc oxide particles, and 
then, as mentioned hereinbefore, adding aqueous solutions of a water-soluble silicate and a water-soluble zinc salt to 

10 the thus prepared aqueous suspension of zinc oxide particles in such a chemically stoichiometric ratio so that they 
form zinc silicate (Zn 2 Si0 4 ) as well as in an amount of 0.5-50% by weight in terms of zinc silicate (Zn 2 Si0 4 ) relative 
to the zinc oxide, washing with water and drying the resulting product, and then calcining the product at a temperature 
of 300-1200 °C, preferably at a temperature of 500-1 100°C, more preferably at a temperature of 600-1 000°C, thereby 
diffusing cobalt into the particles to form a solid solution while forming a cover layer formed of zinc silicate on the 

15 surface of the particles. 

[0058] In order to precipitate hydrated cobalt oxide on the surface of zinc oxide particles, by way of example, an 
aqueous solution of a water-soluble cobalt salt is added to an aqueous suspension of zinc oxide particles in an amount 
of 0.5-30% by weight in terms of cobalt oxide (CoO) relative to the zinc oxide, and a neutralization agent is then added 
to the mixture to neutralize the suspension. The water-soluble cobalt salt used includes, for example, cobalt chloride, 

20 cobalt sulfate or cobalt nitrate, however, it is not limited to those exemplified above. In turn, the neutralization agent 
used includes, for example, sodium hydroxide, potassium hydroxide or ammonium hydroxide, however, it is not limited 
to those exemplified above. 

[0059] After the preparation of aqueous suspension of zinc oxide particles having a layer of hydrated cobalt oxide 
on the surface as mentioned above, aqueous solutions of a water-soluble silicate and a water-soluble zinc salt are 
25 added to the thus prepared aqueous suspension of zinc oxide particles in such a chemically stoichiometric ratio so 
that they form zinc silicate (Zn 2 Si0 4 ), the resulting product is washed with water and dried, and the product is calcined 
at a temperature of 300-1 200°C, thereby diffusing cobalt into the zinc oxide particles to form solid solution while forming 
a cover layer formed of zinc silicate. 

[0060] According to the invention, however, a water-insoluble zinc compound which can be converted to zinc oxide 
30 by heating in the air, such as zinc hydroxide, zinc carbonate, basic zinc carbonate, zinc sulfide or zinc oxalate, may 
be used as a raw material for the zinc oxide particle of the invention in place of zinc oxide particles. More specifically, 
an aqueous solution of a water-soluble cobalt salt is added to an aqueous suspension of the water-insoluble zinc 
compound in an amount of 0.5-30% by weight in terms of cobalt oxide (CoO) relative to the zinc oxide, and a neutral- 
ization agent is then added to the mixture to neutralize the suspension to put it at apH of 6.0-9.0 thereby to precipitate 
35 hydrated cobalt oxide on the surface of the particles of the water-insoluble zinc compound. Then, an aqueous solution 
of water-soluble silicate and a water-soluble zinc salt are added to the thus prepared aqueous suspension of water- 
insoluble zinc compound, and the resulting mixture is washed with water, dried and calcined to form particles of zinc 
oxide having solid solution cobalt therein while forming a cover layer formed of zinc silicate on the surface of the zinc 
oxide particles. 

40 [0061] The particle of zinc oxide having solid solution cobalt therein can be prepared by a further process. A mixed 
solution of a water-soluble zinc salt and a water-soluble cobalt salt is neutralized with a neutralization agent to arrange 
the mixture at a pH of 6.0-9.0 to prepare an aqueous suspension of coprecipitates composed of a water-insoluble zinc 
compound (for example, zinc hydroxide) and a water-insoluble cobalt compound (for example, hydrated cobalt oxide). 
Then, as described hereinabove, an aqueous solution of water-soluble silicate and a water-soluble zinc salt are added 

45 to the thus prepared aqueous suspension of coprecipitates in such a chemically stoichiometric ratio so that they form 
zinc silicate (Zn 2 S!0 4 ), the resulting product is washed with water and dried, and the product is calcined at a temperature 
of 300-1 200°C, thereby diffusing cobalt into the zinc oxide particles to form solid solution together with the zinc oxide 
while forming a cover layer formed of zinc silicate on the surface of the zinc oxide particles. 

[0062] When the amount of the solid solution cobalt in the zinc oxide particle is less than 0.5% by weight in terms of 
50 cobalt oxide (CoO), the resulting solid solution cobalt containing zinc oxide particle has substantially no shielding effect 
of UV rays at a longer wavelength region of 380-420 nm, whereas when the amount of the solid solution cobalt is more 
than 30% by weight, the resulting solid solution cobalt containing zinc oxide particle has reduced transmission to visible 
light, that is, they are notably reduced in transparency. 

[0063] The solid solution cobalt containing zinc oxide particle of the invention is excellent in ability to shield UV rays 
55 at a wavelength region as long as 380-420 nm, but also when it is incorporated in a composition such as cosmetics or 
coating compositions, the particle is completely masked or separated from the medium used by the cover layer formed 
of zinc silicate on the surface so that it has remarkably reduced solubility in pure water or chemical reactivity to the 
components in the compositions, as well as it is substantially completely suppressed in photocatalytic activity. 
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[0064] It is preferred that the zinc oxide particle of the invention described above has an average primary particle 
diameter of not more than 0.15 \im so that it is highly transparent. However, on the other hand, the zinc oxide particle 
of the invention may have an average primary particle diameter of more than 0.15 |im depending upon its use. The 
lower limit of average primary particle diameter of the zinc oxide particle of the invention is not specifically limited, but 
5 it is usually 0.01 u.m. 

[0065] According to the invention, the zinc oxide particle having solid solution iron or cobalt may have a second 
coating layer formed of oxide of at least one element selected from the group consisting of aluminum, silicon, tin, 
zirconium, antimony and rare earth elements on a first cover layer formed of zinc silicate. The amount of the second 
coating layer is preferably in the range of 0.5-30% by weight, more preferably in the range of 2-15% by weight. The 

10 rare earth element used includes, for example, yttrium, lantern, cerium and neodymium. 

[0066] The zinc oxide particle having the second coating layer is obtained by preparing zinc oxide particles having 
a cover layer formed of zinc silicate on the surface as mentioned hereinabove, dispersing the thus prepared zinc oxide 
particles in water to prepare an aqueous suspension, adding an aqueous solution of a water-soluble compound of the 
element for the second coating layer to the aqueous suspension, adding an acid or an alkali as a neutralization agent 

15 to the resulting mixture to neutralize the water-soluble compound thereby precipitating the element on the surface of 
the zinc oxide particles, followed by separation and, drying if necessary, and calcined. 

[0067] Water-soluble compounds of aluminum used include, for example, aluminum nitrate, aluminum sulfate or 
sodium aluminate; water-soluble compounds of silicon used include, for example, sodium silicate; water-soluble com- 
pounds of tin used include, for example, tin chloride; water-soluble compounds of zirconium used include, for example, 
20 zirconium nitrate; water-soluble compounds of antimony include, for example, antimony chloride; and water-soluble 
compounds of rare earth elements include, for example, cerium nitrate. 

[0068] In the preparation of the zinc oxide particle having the second coating layer, an acid or an alkali is used as a 
neutralization agent as mentioned above, and the acid includes, for example, an inorganic acid such as sulfuric acid 
or hydrochloric acid, and an organic acid such as acetic acid or oxalic acid, whereas the alkali includes, for example, 

25 sodium hydroxide, potassium hydroxide or ammonium hydroxide. 

[0069] When the second coating layer formed of oxides of two or more of the elements is to be prepared on the first 
cover layer such a second coating layer may be formed all at once by using aqueous solutions of water-soluble com- 
pounds of two or more of the elements. However, it is preferred that such a second coating layer be formed one by 
one by using each of aqueous solutions of water-soluble compounds of two or more of the elements separately In 

30 particular, when the second coating layer contains aluminum oxide, it is preferred that such a coating layer be formed 
lastly. 

[0070] According to the invention, after the first cover layer formed of zinc silicate is formed on the surface of starting 
zinc oxide particles, the second coating layer is formed on the first cover layer, and then the resulting zinc oxide particles 
may be treated with a surface-treating agent such as organosilicon compounds, polyhydric alcohols or alkanolamines. 
35 The surface-treating agent is applied to the zinc oxide particles usually in an amount of 1-20% by weight, preferably 
in an amount of 1-10% by weight, relative to the zinc oxide. 

[0071] The organosilicon compound used includes, for example, organopolysiloxanes such as methyl hydrogen 
polysiloxane or dimethyl polysiloxane, and silane coupling agents such as triethoxyvinylsilane or diphenyldimethox- 
ysilane. The polyhydric alcohol used includes, for example, trimethylol ethane, trimethylolpropane or pentaerythritol 
40 while the alkanolamine used includes, for example, diethanolamine, dipropanolamine, triethanolamine or tripropa- 
nolamine. When the amount of the surface-treating agent used is less than 1 % by weight relative to the zinc oxide, the 
zinc oxide particles are not sufficiently improved in dispersibility whereas when the amount of the surface-treating agent 
used is more than 20% by weight relative to the zinc oxide, the improvement in dispersibility is saturated and econom- 
ically disadvantageous. 

45 [0072] As a further treatment, after the formation of the first cover layer on the surface of zinc oxide particles and/or 
the second coating layer thereon, the zinc oxide particles may be further surface-treated with a higher fatty acid of 
1 0-30 carbon atoms such as lauric acid, stearic acid or palmitic acid, an alkyl ester of such a higher fatty acid such as 
octyl palmitate, a metal salt or a metal soap of such a higher fatty acid such as aluminum stearate or aluminum laurate. 
The metal species in the metal soap is not limited to aluminum, and it may be, for example, lithium, magnesium, calcium, 

50 strontium, barium, zinc or tin. 

[0073] As mentioned above, when a further surface-treated layer is formed on the zinc oxide particles by using a 
surface-treating agent such as a higher fatty acid, a higher fatty acid ester or metal soap, the amount of surface-treating 
agent used is usually in the range of 1 -20% by weight, preferably in the range of 1-1 0% by weight, relative to the zinc 
oxide. 

55 [0074] When the amount of surface-treating agent used is less than 1 % by weight relative to the zinc oxide, the zinc 
oxide particles are not sufficiently improved in dispersibility whereas when the amount of the surface-treating agent 
used is more than 20% by weight relative to the zinc oxide, the improvement in dispersibility is saturated and econom- 
ically disadvantageous. 
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[0075] The zinc oxide particles which are surface-treated with a surface-treating agent as above mentioned is ob- 
tained by mixing a predetermined amount of surface-treating agent with zinc oxide particles having the first cover layer 
(and the second coating layer) thereon and then pulverizing the resulting mixture. The surface-treated zinc oxide par- 
ticles are obtained also by pulverizing zinc oxide particles having the first cover layer (and the second coating layer) 
thereon and then mixing with the zinc oxide particles with a surface-treating agent. As a further method, the zinc oxide 
particles having the first cover layer (and the second coating layer) thereon are dispersed in an appropriate medium, 
for example, water, an alcohol or an ether, and a surface-treating agent is added to the resulting suspension. After the 
mixture is stirred, the resulting product is separated, dried and pulverized to provide the desired surface-treated zinc 
oxide particles. Alternatively, the mixture may be evaporated to dryness, followed by pulverization to provide the desired 
surface-treated zinc oxide particles. 

[0076] As set forth above, the zinc oxide particle of the invention has a cover layer formed of zinc silicate on the 
surface. Accordingly, if it is incorporated in a thermoplastic resin such as polyethylene terephthalate or polycarbonate, 
it does not promote the decomposition of the resin , in contrast to the known zinc oxide particles. The zinc oxide particle 
of the invention can be also suitably incorporated in other resin products. Furthermore, the zinc oxide particle of the 
invention has very small solubility in pure water or diluted sulfuric acid as well as much reduced photocatalytic activity, 
and hence it can be used in various coating compositions inclusive ones for outdoor use which must be resistant to 
acid rain. 

[0077] The zinc oxide particle of the invention may be incorporated in resin compositions or coating compositions in 
an amount of 1-80% by weight. 

[0078] When zinc oxide is to be used in cosmetics, the generation of reactive oxygen species by photocatalytic 
activity that zinc oxide possesses must be restrained in order to protect the human body. It is also known that reactive 
oxygen species are generated by the action of UV rays. The reactive oxygen species include superoxide, hydrogen 
peroxide, hydroxyl radical and singlet oxygen among others, and they attack lipid, saccharide, protein or DNA to bring 
about lipid peroxidation, protein denaturation, DNA lesion or enzyme inhibition, and as results, it is said that various 
kinds of illness such as skin carcinoma or photoinduced senescence of the human skin are caused or accelerated. 
[0079] Accordingly, it is important not only to restrain the generation of reactive oxygen species induced by UV rays 
but also to suppress the photocatalytic activity that zinc oxide inherently possesses in order to protect the human body 
from the above-mentioned skin lesion. 

[0080] The zinc oxide particle of the invention contains solid solution iron or cobalt therein so that it is able to shield 
UV-A rays at long wavelengths of around 400 nm as well as the inherent shielding ability of U V rays. Consequently, 
the zinc oxide particle of the invention is able to protect the human body from the reactive oxygen species generated 
by UV rays, but also it is especially suitable for use in sunscreen cosmetics because it has on the surface a cover layer 
formed of inactive zinc silicate crystals which separates the particle completely from the surrounding substances so 
that it restrains effectively the generation of reactive oxygen species induced by photocatalytic activity that zinc oxide 
inherently possesses. 

[0081] In the preparation of cosmetics, the zinc oxide particle of the invention is incorporated therein in an amount 
of 1 -80% by weight. 



[0082] The invention is now described with reference to examples, however the invention is not limited thereto. In 
the following examples and comparative examples, ultrafine zinc oxide particles (FINEX-25 available from Sakai Chem- 
ical Industry Co., Ltd.) having an average primary particle diameter of 0.06 |i m produced by evaporating and oxidizing 
electrolytic zinc metal were used as raw materials for the production of ultrafine zinc oxide particles of the invention, 
unless specifically indicated. 



[0083] An aqueous solution of sodium silicate (1 .3% by weight in terms of Si0 2 relative to the zinc oxide undermen- 
tioned) and an aqueous solution of zinc sulfate (3.7% by weight in terms of ZnO relative to the zinc oxide undermen- 
tioned) were added to an aqueous suspension of ultrafine zinc oxide particles (having a zinc oxide concentration of 
100 g/L) at a temperature of 60°C with stirring. 

[0084] The suspension was then arranged at a pH of 7.5 by using an aqueous solution of sodium hydroxide and 
aged for 30 minutes. The suspension was cooled to room temperature, filtered, washed with water, and the resulting 
product was heated and dried at a temperature of 120°C for 5 hours. 

[0085] The product was then calcined at a temperature of 800°C for 60 minutes, pulverized with a jet mill, thereby 
providing zinc oxide particles having on the surface a cover layer formed of zinc silicate in an amount of 5% by weight 
in terms of zinc silicate (ZngSiO^ relative to the zinc oxide. 



EXAMPLES 



Example 1 
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Example 2 

[0086] An aqueous solution of sodium silicate (4.0% by weight in terms of Si0 2 relative to the zinc oxide undermen- 
tioned) and an aqueous solution of zinc sulfate (11 .0% by weight in terms of ZnO relative to the zinc oxide undermen- 
5 tioned) to an aqueous suspension of ultrafine zinc oxide particles (having a zinc oxide concentration of 100 g/L), and 
otherwise in the same manner as in Example 1 , zinc oxide particles having on the surface a cover layer formed of zinc 
silicate in an amount of 15% by weight in terms of zinc silicate (Zn 2 Si0 4 ) relative to the zinc oxide were obtained. 

Example 3 

w 

[0087] An aqueous solution of sodium silicate (1 .3% by weight in terms of Si0 2 relative to the zinc oxide undermen- 
tioned) and an aqueous solution of zinc sulfate (3.7% by weight in terms of ZnO relative to the zinc oxide undermen- 
tioned) were added to an aqueous suspension of basic zinc carbonate (having a concentration of 1 00 g/L in terms of 
zinc oxide) at a temperature of 60°C with stirring. 
is [0088] The suspension was then arranged at a pH of 7.5 by using an aqueous solution of sodium hydroxide and 
aged for 30 minutes. The suspension was cooled to room temperature, filtered, washed with water, and the resulting 
product was heated and dried at a temperature of 120°C for 5 hours. 

[0089] The product was then calcined at a temperature of 800 °C for 60 minutes to form zinc oxide particles and the 
particles were pulverized with a jet mill, thereby providing zinc oxide particles having on the surface a cover layer 
20 formed of zinc silicate in an amount of 5% by weight in terms of zinc silicate (Zn 2 Si0 4 ) relative to the zinc oxide. 

Example 4 

[0090] An aqueous solution of sodium silicate (1 .3% by weight in terms of Si0 2 relative to the zinc oxide undermen- 
25 tioned) and an aqueous solution of zinc sulfate (3.7% by weight in terms of ZnO relative to the zinc oxide undermen- 
tioned) were added to an aqueous suspension of ultrafine zinc oxide particles (having a zinc oxide concentration of 
1 00 g/L) at a temperature of 60°C with stirring. 

[0091] The suspension was then arranged at a pH of 7.5 by using an aqueous solution of sodium hydroxide and 
aged for 30 minutes. The suspension was cooled to room temperature, filtered, washed with water, and the resulting 
30 product was heated and dried at a temperature of 120°C for 5 hours. 

[0092] The product was then calcined at a temperature of 800°C for 60 minutes in the air and pulverized with a 
hammer mill. The product was dispersed in water so that it had a zinc oxide concentration of 100 g/L and ground with 
a sand mill thereby to provide an aqueous dispersion of ultrafine zinc oxide particles. 

[0093] The aqueous suspension of ultrafine zinc oxide particles was heated to a temperature of 60°C with effective 
35 stirring, and then an aqueous solution of sodium aluminate was added to the suspension in an amount of 3% by weight 
in terms of Ai 2 0 3 relative to the zinc oxide and the suspension was aged for 10 minutes. After the suspension was 
neutralized to a pH of 7.0 by using an aqueous solution of sulfuric acid and aged for 30 minutes, the suspension was 
filtered, washed with water and heated and dried at a temperature of 120°C for 5 hours. 

[0094] The resulting product was pulverized with a jet mill to provide ultrafine zinc oxide particles having on the 
40 surface a first cover layer formed of zinc silicate in an amount of 5% by weight in terms of zinc silicate (Zn 2 Si0 4 ) relative 
to the zinc oxide and a second coating layer formed of hydrated aluminum oxide in an amount of 3% by weight in terms 
of AI 2 O a on the surface of the first cover layer. 

Example 5 

45 

[0095] Methyl hydrogen polysiloxane (Silicone Oil KF-99 available from Shin-etsu Kagaku K.K.) was sprayed on the 
ultrafine zinc oxide particles obtained in Example 1 with stirring with a homogenizer in an amount of 3% by weight 
relative to the zinc oxide to provide ultrafine zinc oxide particles which were surface-treated with methyl hydrogen 
polysiloxane. 

50 

Comparative Example 1 

[0096] An aqueous solution of sodium silicate was added to an aqueous suspension of ultrafine zinc oxide particles 
(having a zinc oxide concentration of 100 g/L) at a temperature of 60 °C with stirring in an amount of 5.0% by weight 
55 jn terms of Si0 2 relative to the zinc oxide. The suspension was arranged at a pH of 7.5 by using an aqueous solution 
of sulfuric acid and aged for 30 minutes. The suspension was cooled to room temperature, filtered, washed with water, 
and heated and dried at a temperature of 120 °C for 5 hours in the air. The product was pulverized with a jet mill to 
provide ultrafine zinc oxide particles having on the surface a coating formed of hydrated silicon oxide in an amount of 
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5% by weight in terms of Si0 2 . 
Comparative Example 2 

[0097] Ultrafine zinc oxide particles FINEX-25 available from Sakai Chemical Industry Co. : Ltd. were selected as 
zinc oxide particles of this comparative example. 

[0098] Various kinds of performance tests were carried out in order to examine their structures and characteristics 
with respect to the ultrafine zinc oxide particles of Examples 1-5 and Comparative Examples 1 and 2. 

Performance Test 1 

(Identification of cover layer formed of zinc silicate by X-ray diffractiometry) 

[0099] Fig. 1 shows an X-ray diffraction chart of ultrafine zinc oxide particles obtained in Example 1 with a measuring 
range of 2 9 of 20° to 60°. For comparison, Fig. 2 shows an X-ray diffraction chart of ultrafine zinc oxide particles of 
Comparative Example 2. 

[0100] The ultrafine zinc oxide particles obtained in Example 1 were found to have diffraction peaks of p - Zn 2 Si0 4 
at a 2 6 of around 22° and 26°. The ultrafine zinc oxide particles obtained in Example 3 were also found to show the 
same X-ray diffraction patterns. 

Performance Test 2 

[01 01 ] The solubility of zinc oxide from the ultrafine zinc oxide particles obtained in Examples 1 to 4 and Comparative 
Examples 1 and 2 in pure water or an aqueous solution of sulfuric acid of pH 4 (i.e., 0.0005% by weight concentration) 
was measured by an atomic absorptiometry method. The results are shown in Table 1 . The test was not carried out 
with the ultrafine zinc oxide particles obtained in Example 5 since they were water-repellent. As seen in Table 1 , the 
ultrafine zinc oxide particles of the invention were found to have very small solubility in pure water or in an aqueous 
solution of sulfuric acid. 



Table 1 





Solubility at 25°C (ppm) 




Pure Water 


Aqueous Solution of H 2 S0 4 


Example 1 




3.8 


2 




4.1 


3 




3.0 


4 




2.6 


Comparative Example 1 




10 


2 


4.1 


111 



Performance Test 3 

[0102] The chemical reactivity of the ultrafine zinc oxide particles obtained in Examples 1 to 3 and Comparative 
Examples 1 and 2 to fatty acids was examined. Three grams of ultrafine zinc oxide particles were mixed with 27 g of 
oleic acid (special chemical grade available from Kanto Kagaku K.K.) at room temperature to prepare a suspension. 
The suspension was put in a warm air chamber maintained at a temperature of 1 20°C so that zinc oxide was allowed 
to react with oleic acid (having a melting point of 24°C) to form zinc oleate (having a melting point of 78 °C) and the 
suspension was observed whether the reaction in fact took place at a temperature of 120 °C. 

[0103] The ultrafine zinc oxide particles obtained in both Comparative Examples 1 and 2 were found to react with 
oleic acid under the above conditions to form zinc oleate with the results that the suspension was found to become a 
transparent solution. In contrast, none of the ultrafine zinc oxide particles obtained in Examples 1 to 3 were found to 
react with oleic acid under the above conditions so that thesuspension remained the same. Accordingly, it is understood 
that the ultrafine zinc oxide particles of the invention have effectively restrained reactivity to fatty acids. 
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Performance Test 4 



10 



15 



20 



25 



30 



[0104] The chemical reactivity of the ultrafine zinc oxide particles obtained in Examples 1 to 4 and Comparative 
Examples 1 and 2 to a water-soluble acrylic polymer having carboxylic groups therein (acrylic acid-alkyl acrylate co- 
polymer, Carbopol 934, available from Goodrich) was examined. 

[0105] The polymer was dissolved in water to prepare an aqueous solution and the solution was arranged at a pH 
of 6.5 with an aqueous solution of potassium hydroxide to prepare an aqueous gel containing 0.2% by weight of the 
water-soluble polymer. The ultrafine zinc oxide particles were added to the aqueous gel so that the resulting mixture 
had a concentration of 12% by weight of the ultrafine zinc oxide particles and the mixture was stirred for 5 minutes 
with a homogenizer at a rate of 5000 rpm. The thus prepared slurry was placed in a thermostatic oven maintained at 
a temperature of 38°C and after leaving standing for 7 days, the viscosity of the slurry was measured at room temper- 
ature (25°C) with a B type viscometer. The results are shown in Table 2. No test was carried out on the ultrafine zinc 
oxide particles obtained in Example 5 since they were water-repellent. 

Table 2 





Viscosity of Slurry at 25°C (cps) 




Initial 


After Seven Days 


Example 1 


30500 


22300 


2 


31000 


22800 


3 


32000 


23500 


4 


33000 


25100 


Comparative Example 1 


12000 


2300 


2 


9200 


2700 



[0106] As clearly seen in Table 2, since the ultrafine zinc oxide particles of the invention had almost no reactivity to 
the polymer, the aqueous gel of the polymer retained the gel structure and hence high viscosity after many hours. In 
contrast, the ultrafine zinc oxide particles of Comparative Example 1 and the ultrafine zinc oxide particles of Compar- 
ative Example 2 which had no cover layer on the surface were found to react with the carboxyl groups of the polymer, 
and possibly because of induced change of the gel structure, the viscosity was found to remarkably reduced as time 
passes. 



35 



40 



Performance Test 5 

[0107] The compounding performance of the ultrafine zinc oxide particles obtained in Examples 1 to 3 and Compar- 
ative Examples 1 and 2 with resins was examined. 

[0108] Three grams of ultrafine zinc oxide particles and 7 g of polyethylene terephthalate resin powder (TR-4550BH 
available from Teijin K.K.) were mixed together and dried at a temperature of 120°C for 1 5 hours to prepare a sample 
resin compounding. The sample was extruded with a piston under a load of 875 g from a melt indexer (Model C5059D 
available from Toyo Seiki K.K.) at a temperature of 260 °C. Based on the time required for extrusion and the amount 
extruded, the amount extruded in ten minutes was measured as an index for fluidity of the sample. The results are 
shown in Table3. 



45 



50 



Table 3 



55 





Melt Flow Rates (g/10 min.) 


Example 1 


132 


2 


140 


3 


134 


Comparative Example 1 


1340 


2 


440 


Resin only 


154 



[0109] As clearly seen in Table 3, the ultrafine zinc oxide particles of Comparative Example 1 had a coating formed 
of hydrated silicon oxide and the crystal water of the silicon oxide was found to decompose the polyethylene tereph- 
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thalate resin at the temperature of 260°C, and as results, a liquid material of a very small viscosity was formed. The 
superfine zinc oxide particles of Comparative Example 2 was also found to increase the melt flow rate of the com- 
pounding compared with the melt flow rate of the resin only so that they have a tendency to decompose the polyethylene 
terephthalate resin. 

5 [01 10] In contrast, the ultrafinezinc oxide particles of the invention had a cover layer formed of zinc silicate containing 
no crystal water on the surface so that they caused no decomposition of polyethylene terephthalate resin at the tem- 
perature of 260°C. Therefore, the ultrafine zinc oxide particles of the invention can be suitably incorporated ina poly- 
ethylene terephthalate resin for the production of sunscreen agents without a problem of hydrolysis of the resin. 

10 Performance Test 6 



15 



20 



[01 1 1 ] The U V ray shielding ability and visible transparency of the ultrafine zinc oxide particles obtained in Examples 
1 to 5 and Comparative Examples 1 and 2 were examined. 

[0112] One and a half grams of ultrafine zinc oxide particles were added to 7.9 g of squalane (available from Nikko 
Chemicals K.K.) and 0.6 g of surfactant (Span 80 available from Kao Corporation) and the mixture was conditioned 
with a paint shaker (Model 5410 available from Red Devil) to prepare a coating composition. The composition was 
coated on a polyethylene terephthalate film with a bar coater No. 6 to prepare a sample. 

[0113] Using a visible/ultraviolet spectrophotometer (Model V-550 available from Nippon Bunko K.K.)) the shielding 
ability of UV-A at wavelengths of 350 nm and the transmittance to visible rays at wavelengths of 550 nm of the film 
were measured. The results are shown in Table 4. 



Table 4 



25 



30 



35 



40 



45 



SO 





Transmittance of Rays (%) 




350 nm 


550 nm 


Example 1 


13 


81 


2 


10 


85 


3 


11 


83 


4 


12 


80 


5 


9 


84 


Comparative Example 1 


11 


83 


2 


13 


82 



55 



[01 1 4] The ultrafine zinc oxide particles of the invention had a high density cover layer formed of zinc silicate on the 
surface, but they were found to have high UV ray shielding ability and high transparency to visible rays and they were 
not at all deteriorated in these properties by the coverage on the surface with zinc silicate. 

Example 6 

[0115] An aqueous solution of ferrous sulfate (4.0% by weight in terms of iron relative to the zinc oxide undermen- 
tioned) and an aqueous solution of sodium hydroxide were added simultaneously over a period of 60 minutes to an 
aqueous suspension of ultrafine zinc oxide particles (having a zinc oxide concentration of 1 00 g/L) at room temperature 
with stirring during which the pH of the suspension was maintained at 9. After ageing for 30 minutes, the resulting 
aqueous suspension was heated to a temperature of 60°C and then an aqueous solution of sodium silicate (1 .3% by 
weight in terms of Si0 2 relative to the zinc oxide) and an aqueous solution of zinc sulfate (3.7% by weight in terms of 
ZnO relative to the zinc oxide) were added to the suspension. 

[0116] The suspension was arranged at a pH of 7.5 by using an aqueous solution of sodium hydroxide and aged for 
30 minutes. The suspension was cooled to room temperature, filtered, and the solid was washed with water and heated 
and dried at a temperature of 120 °C for 5 hours in the air. 

[0117] The dried product was then calcined in the air at a temperature of 900°C for 60 minutes, pulverized with a jet 
mill, thereby providing zinc oxide particles having on the surface a cover layer formed of zinc silicate in an amount of 
5.0% by weight in terms of zinc silicate (Zn 2 Si0 4 ) relative to the zinc oxide and containing iron in the form of solid 
solution in an amount of 4% by weight in terms of iron therein. 
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Example 7 



[0118] An aqueous solution of ferrous sulfate (8.0% by weight in terms of iron relative to the zinc oxide undermen- 
tioned) was added to an aqueous suspension of ultrafine zinc oxide particles (having a zinc oxide concentration of 1 00 
5 g/L), and otherwise in the same manner as in Example 6, zinc oxide particles having on the surface a cover layer 
formed of zi nc silicate in an amount of 5.0% by weight in terms of zinc silicate (Zn 2 Si0 4 ) relative to the zinc oxide and 
containing solid solution iron in an amount of 8% by weight in terms of iron therein. 



[0119] An aqueous solution of ferrous sulfate (4.0% by weight in terms of iron relative to the zinc oxide undermen- 
tioned) was added to an aqueous solution of zinc sulfate (having a concentration of 1 00 g/L in terms of ZnO) and the 
resulting solution was arranged at a pH of 9 by using an aqueous solution of sodium carbonate. After ageing for 30 
minutes, the resulting aqueous suspension was heated to a temperature of 60°C and then an aqueous solution of 
15 sodium silicate (1.3% by weight in terms of Si0 2 relative to the zinc oxide) and an aqueous solution of zinc sulfate 
(3.7% by weight in terms of ZnO relative to the zinc oxide) were added to the suspension. 

[0120] The suspension was arranged at a pH of 7.5 by using an aqueous solution of sodium hydroxide and aged for 
30 minutes. The suspension was cooled to room temperature, filtered, and the solid was washed with water and heated 
and dried in the air at a temperature of 120°C for 5 hours. 
20 [0121] The product was then calcined in the air at a temperature of BOO °C for 60 minutes, pulverized with a jet mill, 
thereby forming zinc oxide particles having on the surface a cover layer formed of zinc silicate in an amount of 5.0% 
by weight in terms of zinc silicate (Zn 2 Si0 4 ) relative to the zinc oxide and containing solid solution iron in an amount 
of 4% by weight in terms of iron therein. 

25 Example 9 

[0122] The dried product obtained in the same manner as in Example 6 was calcined in the air at a temperature of 
800°C for 60 minutes and pulverized with a hammer mill. The product was dispersed in water so that the resulting 
suspension had a zinc oxide concentration of 100 g/L and ground with a sand mill, thereby to provide an aqueous 

30 suspension of ultrafine zinc oxide particles. 

[0123] The aqueous suspension of ultrafine zinc oxide particles was heated to a temperature of 60 °C with stirring, 
and then an aqueous solution of sodium aluminate was added to the suspension in an amount of 3% by weight in 
terms of Al 2 0 3 relative to the zinc oxide and the suspension was aged for 10 minutes, followed by neutralization with 
an aqueous solution of sulfuric acid to a pH of 7.0 

35 [0124] After ageing for 30 minutes, the suspension was filtered, washed with water and heated and dried at a tem- 
perature of 120°C for 5 hours. 

[0125] The resulting product was pulverized with a jet mill to provide ultrafine zinc oxide particles having on the 
surface a first cover layer formed of zinc silicate in an amount of 5% by weight in terms of zinc silicate (Zn 2 Si0 4 ) relative 
to the zinc oxide and a second coating layer formed of hydrated aluminum oxide in an amount of 3% by weight in terms 
40 of Al 2 0 3 on the surface of the first cover layer, and in addition, containing iron therein in the form of solid solution in 
an amount of 8% by weight in terms of iron relative to the zinc oxide. 

Comparative Example 3 

45 [0126] A mixture of 92 parts by weight of ultrafine zinc oxide particles FINEX-25 and 8 parts by weight of ultrafine 
iron oxide particles (FRO-3 available from Sakai Chemical Industry Co., Ltd.) was prepared. 

Comparative Example 4 

50 [0127] Ultrafine zinc oxide particles FINEX-25 available from Sakai Chemical Industry Co., Ltd. were selected as 
zinc oxide particles of this comparative example. 

[0128] Various kinds of performance tests were carried out in order to examine the structures and characteristics 
with respect to the ultrafine zinc oxide particles obtained in Examples 6 to 9 and Comparative Examples 3 and 4. 



Example 8 



10 



55 
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Performance Test 7 



(Identification of layer formed of zinc silicate by X-ray diffractiometry) 



w 



15 



20 



25 



30 



35 



40 



[0129] The ultrafine zinc oxide particles obtained in Examples 6 and 8 were found to show substantially the same 
X-ray diffraction patterns as those of the ultrafine zinc oxide particles obtained in Example 1 , having diffraction peaks 
of p - Zn 2 Si0 4 at a 2 6 of around 22° and 26°. 

Performance Test 8 

[0130] In the same manner as in Performance Test 3, the ultrafine zinc oxide particles obtained in Examples 6 and 
7 were mixed with oleic acid at room temperature, respectively, to prepare suspensions. The suspensions were main- 
tained at a temperature of 120 °C, however, they were found not to react with oleic acid and to remain the same as 
they initially were. 

Performance Test 9 

[0131] The UV ray shielding ability and visible transparency of the ultrafine zinc oxide particles obtained in Examples 
6 to 9 and Comparative Examples 3 and 4 were examined. 

[0132] Two grams of ultrafine zinc oxide particles containing solid solution iron therein, 4 g of a cold setting acrylic 
resin (A-132 having a non-volatile content of 50% by weight available from Dainippon Ink Kagaku Kogyo K.K.) and a 
solvent were conditioned with a paint shaker (Model 5410 available from Red Devil) to prepare a dispersion of the 
ultrafine zinc oxide particles. A further amount of 12 g of the same cold setting acrylic resin as the above was added 
to the dispersion, and the dispersion was stirred to prepare a stable dispersion useful as a coating composition con- 
taining 20% by weight of ultrafine zinc oxide particles which contained solid solution iron therein. The composition was 
coated on a polyethylene terephthalate film with a bar coater No. 1 0 and dried to prepare a sample. 
[0133] Using a visible/ultraviolet spectrophotometer (Model V-550 available from Nippon Bunko K.K.), the shielding 
ability of UV-A rays at wavelengths of 350 nm and 385 nm and the transmittance to visible right at a wavelengths of 
550 nm of the film were measured. The results are shown in Table 5. 

Table 5 





Transmittance of Rays (%) 




350 nm 


385 nm 


550 nm 


Example 6 


5 


31 


76 


7 


2 


28 


75 


8 


4 


30 


77 


9 


4 


33 


79 


Comparative Example 3 


3 


46 


55 


4 


4 


50 


80 



45 



[0134] As clearly seen in Table 5, the ultrafine zinc oxide particles of the invention were found to have a small trans- 
mittance to UV-A rays and to be improved in the shielding ability of UV rays at longer wavelengths than 380 nm at 
which the absorption of UV rays of the known zinc oxide ceases. Besides, the ultrafine zinc oxide particles of the 
invention were found to have almost the same transparency as the ultrafine zinc oxide particles of 

Comparative Example 4. 

50 Performance Test 1 0 



55 



[01 35] The solubility of zinc oxide from the ultrafine zinc oxide particles obtained in Examples 6 to 9 and Comparative 
Examples 3 and 4 in pure water or an aqueous solution of sulfuric acid of pH 4 (i.e., 0.0005% by weight concentration) 
at 25°C was measured in the same manner as in Performance Test 2. The results are shown in Table 6. As clear from 
the results in Table 6, the ultrafine zinc oxide particles of the invention were found to have very small solubility in pure 
water or an aqueous solution of sulfuric acid. 



15 



BNSDOCID: <EP. 



.1112964A1_I_> 



EP 1 112 964 A1 



# 



Table 6 





Solubility at 25°C (ppm) 




Pure Water 


Aqueous Solution of H 2 S0 4 


Example 6 


less than 1 ppm 


4.0 ppm 


7 


less than 1 ppm 


4.4 ppm 


8 


less than 1 ppm 


4.5 ppm 


9 


less than 1 ppm 


4.0 ppm 


Comparative Example 3 


5.1 ppm 


111 ppm 


4 


4.2 ppm 


108 ppm 



Performance Test 11 

15 

[01 36] Outdoor exposure tests were conducted to examine the weather resistance of the ultrafine zinc oxide particles 
containing solid solution iron therein which were obtained in Examples 6 to 9 and Comparative Examples 3 and 4. 
[0137] Four grams of ultrafine zinc oxide particles containing solid solution iron therein, 6 g of a cold setting acrylic 
resin (P-470 having a solid content of 70% by weight available from Dainippon Ink Kagaku Kogyo K.K.) and a solvent 
20 were conditioned with a paint shaker (Model 5410 available from Red Devil) to prepare a dispersion of the ultrafine 
zinc oxide particles. 

[0138] A further amount of 45 g of the same cold setting acrylic resin as the above and 0.3 g of a curing agent were 
added to the dispersion, and the mixture was stirred to prepare a stable dispersion useful as a coating composition 
containing 1 0% by weight of ultrafine zinc oxide particles which contained solid solution iron therein. 

25 [0139] The composition was coated at a rate of 54 g/cm 2 on a board of Japanese cedar 23 by 1 0 by 1 .4 centimeters 
in the longitudinal direction with a paint brush only once. The board was then dried at room temperature for three days 
and exposed so that it looked toward the south at an angle of 45° from the horizontal for 120 days. 
[0140] The color differences AE of the paint film before and after the exposure were calculated based on the values 
of L, a and b of the Hunter's color system of the paint film measured using a color-difference meter (Model SM-5 

30 availabl9 from Suga Shikenki K.K.). The smaller the value, the better the weather resistance. The results are shown 
in Table 7. 



Table 7 



Color Difference (AE) 


Example 6 


2.5 


7 


2.4 


8 


2.1 


9 


2.2 


Comparative Example 3 


9.1 


4 


11.3 


Resin only 


6.1 



45 [0141] As clear from the results in Table 7, the coating composition prepared by using the ultrafine zinc oxide particles 
of Comparative Examples 3 and 4 were found to provide paint film suffering remarkable discoloration. However, the 
coating composition prepared by using the ultrafine zinc oxide particles of the invention were found to provide paint 
film of which discoloration is effectively restrained. That is, the ultrafine zinc oxide particles of the invention are superior 
in protecting the surface of substrates. 

so 

Example 1 0 

[0142] An aqueous solution of cobaltous sulfate (12% by weight in terms of cobalt oxide (CoO) relative to the zinc 
oxide undermentioned) and an aqueous solution of sodium hydroxide were added simultaneously over a period of 60 
55 minutes to an aqueous suspension of ultrafine zinc oxide particles (having a zinc oxide concentration of 100 g/L) at 
room temperature with stirring during which the pH of the suspension was maintained at 8. After ageing for 30 minutes, 
the resulting aqueous suspension was heated to a temperature of 60°C and then an aqueous solution of sodium silicate 



16 



JNSDOCID: <EP 1112964A1J_> 




EP1 112 964 A1 




(2.4% by weight in terms of SiO a relative to the zinc oxide) and then an aqueous solution of zinc sulfate (6.5% by weight 
in terms of ZnO relative to zinc oxide) were added to the suspension. 

[0143] The suspension was arranged at a pH of 7.5 by using an aqueous solution of sodium hydroxide and aged for 
30 minutes. The suspension was cooled to room temperature, filtered, and the solid was washed with water and heated 
s and dried in the air at a temperature of 120°C for 5 hours. 

[0144] The dried product was then calcined in the air at a temperature of 900°C for 60 minutes, pulverized with a jet 
mill, thereby providing zinc oxide particles having on the surface a cover layer formed of zinc silicate in an amount of 
8.9% by weight in terms of zinc silicate (2n 2 Si0 4 ) relative to the zinc oxide and containing cobalt in the form of solid 
solution in an amount of 12% by weight in terms of cobalt oxide (CoO) therein. 

10 

Example 11 

[0145] An aqueous solution of cobaltous sulfate (12% by weight in terms of cobalt oxide (CoO) relative to the zinc 
oxide undermentioned) was added to an aqueous solution of zinc sulfate (having a concentration of 1 00 g/L in terms 
*5 of zinc oxide. 

[0146] An aqueous solution of sodium carbonate was added to the resulting solution over a period of 60 minutes so 
that it had a pH of 8, followed by ageing for 30 minutes. The resulting aqueous suspension was heated to a temperature 
of 60°C and then an aqueous solution of sodium silicate (2.4% by weight in terms of Si0 2 relative to the zinc oxide) 
and then an aqueous solution of zinc sulfate (6.5% by weight in terms of ZnO relative to the zinc oxide) were added 
20 to the suspension. 

[0147] The suspension was arranged at a pH of 7.5 by using an aqueous solution of sodium hydroxide and aged for 
30 minutes. The suspension was cooled to room temperature, filtered, and the solid was washed with water and heated 
and dried at a temperature of 120°C for 5 hours. 

[0148] The dried product was then calcined in the air at a temperature of 900°C for 60 minutes, pulverized with a jet 
25 mill, thereby providing zinc oxide particles having on the surface a cover layer formed of zinc silicate in an amount of 
8.9% by weight in terms of zinc silicate (Zn 2 Si0 4 ) relative to the zinc oxide and containing cobalt in the form of solid 
solution in an amount of 12% by weight in terms of cobalt oxide (CoO) therein. 

Example 12 

30 

[01 49] The dried product obtained in the same manner as in Example 1 1 was calcined in the air at a temperature of 
800°C for 60 minutes and pulverized with a hammer mill. The product was dispersed in water so that the resulting 
suspension had a zinc oxide concentration of 100 g/L and ground with a sand mill thereby to provide an aqueous 
suspension of ultrafine zinc oxide particles containing solid solution cobalt therein. 
35 [0150] The aqueous suspension of uftrafine zinc oxide particles was heated to a temperature of 60°C with stirring, 
and then an aqueous solution of sodium aluminate was added to the suspension in an amount of 3% by weight in 
terms of Al 2 0 3 relative to the zinc oxide and the suspension was aged for 10 minutes, followed by neutralization with 
an aqueous solution of sulfuric acid to a pH of 7.0. 

[0151] After ageing for 30 minutes, the suspension was filtered, washed with water and heated and dried at a tem- 

40 perature of 1 20°C for 5 hours. 

[0152] The resulting product was pulverized with a jet mill to provide ultrafine zinc oxide particles having on the 
surface a first cover layer formed of zinc silicate in an amount of 8.9% by weight in terms of zinc silicate (Zn 2 Si0 4 ) 
relative to the zinc oxide and a second coating layer formed of hydrated aluminum oxide in an amount of 3% by weight 
in terms of Al 2 0 3 on the surface of the first cover layer, and in addition, containing cobalt therein in the form of solid 

45 solution in an amount of 1 2% by weight in terms of cobalt oxide (CoO) relative to the zinc oxide. 

Comparative Example 5 

[0153] An aqueous solution of cobaltous sulfate (12% by weight in terms of cobalt oxide (CoO) relative to the zinc 
so oxide undermentioned) was added to an aqueous solution of zinc sulfate (having a concentration of 100 g/L in terms 
of zinc oxide). An aqueous solution of sodium carbonate was added to the resulting solution so that the resulting 
suspension had a pH of 8, followed by ageing for 30 minutes. The resulting mixture was filtered, and the solid was 
washed with water and heated and dried at a temperature of 120°C for 5 hours. 

[0154] The dried product was then calcined in the air at a temperature of 400°C for 60 minutes, pulverized with a jet 
55 mill, thereby providing zinc oxide particles containing cobalt in the form of solid solution in an amount of 1 2% by weight 
in terms of cobalt oxide (CoO) therein. 
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Comparative Example 6 

[0155] Ultrafine zinc oxide particles FINEX-25 available from Sakai Chemical Industry Co. } Ltd. were selected as 
zinc oxide particles of this comparative example. 

5 

Performance Test 12 

(Identification of cover layer formed of zinc silicate by X-ray diffractiometry) 

10 [0156] The ultrafine zinc oxide particles obtained in Examples 1 0 and 11 were found to show substantially the same 
X-ray diffraction patterns as those of the ultrafine zinc oxide particles obtained in Example 1 , having diffraction peaks 
of p-Zn 2 SI0 4 at a 2 e of around 22° and 26°. 

Performance Test 13 

15 

[0157] In the same manner as in Performance Test 3, the ultraf ine zinc oxide particles obtained in Examples 1 0 and 
1 1 were mixed with oleic acid at room temperature, respectively, to prepare suspensions. The suspensions were main- 
tained at a temperature of 120 °C, however, they were found not to react with oleic acid and to remain the same as 
they initially were. 

20 

Performance Test 14 

[0158] The UV ray shielding ability and visible transparency of the ultrafine zinc oxide particles obtained in Examples 
10 to 12 and Comparative Examples 5 and 6 were examined. 

25 [0159] Two grams of ultrafine zinc oxide particles containing solid solution cobalt therein, 4 g of a cold setting acrylic 
resin (A-132 having a non-volatile content of 50% by weight available from Dainippon Ink Kagaku Kogyo K.K.) and a 
solvent were conditioned with a paint shaker (Model 5410 available from Red Devil) to prepare a dispersion of the 
ultrafine zinc oxide particles containing solid solution cobalt therein. A further amount of 1 2 g of the same cold setting 
acrylic resin as the above was added to the dispersion, and the dispersion was stirred to prepare a stable dispersion 

30 useful as a coating composition containing 20% by weight of ultrafine zinc oxide particles which contained solid solution 
cobalt therein. The composition was coated on a polyethylene terephthalatefilm with a bar coater No. 10 and dried at 
room temperature for 4 hours to prepare a sample. 

[0160] Using a visible/ultraviolet spectrophotometer (Model V-550 available from Nippon Bunko K.K.), the shielding 
ability of A-region ultraviolet rays at wavelengths of 350 nm and 385 nm and the transmittance to visible rays at wave- 
35 lengths of 550 nm of the film were measured. The results are shown in Table 8 and Fig. 3. 



Table 8 



40 





Transmittance of Rays (%) 




350 nm 


385 nm 


550 nm 


Example 1 0 


less than 1 


11 


73 


11 


less than 1 


8 


72 


12 


less than 1 


10 


75 


Comparative Example 5 


less than 1 


8 


64 


6 


less than 1 


50 


75 



[0161] As clearly seen in Table 8 and Fig. 3, the ultrafine zinc oxide particles of the invention were found to have a 
small transmittance to UV-A rays, in particular, at about 400 nm, and to be improved in the shielding ability of UV rays 
so at longer wavelengths than 3B0 nm at which the absorption of UV rays of the known zinc oxide ceases. Besides, the 
ultrafine zinc oxide particles of the invention were found to have almost the same transparency as the ultrafine zinc 
oxide particles of Comparative Example 6. 

Performance Test 1 5 

55 

[0162] The solubility of zinc oxide from the ultrafine zinc oxide particles obtained in Examples 1 0 to 1 2 and Compar- 
ative Examples 5 and 6 in pure water or an aqueous solution of sulfuric acid of pH 4 (i.e., 0.0005% by weight concen- 
tration) at 25°C was measured in the same manner as in Performance Test 2. The results are shown in Table 9. As 
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clear from the results in Table 9, the ultrafine zinc oxide particles of the invention were found to have very small solubility 
in pure water or an aqueous solution of sulfuric acid. 



Table 9 





Solubility at 25°C (ppm) 




Pure Water 


Aqueous Solution of H 2 S0 4 


Example 1 0 


less than 1 ppm 


3.4 ppm 


11 


less than 1 ppm 


3.5 ppm 


12 


less than 1 ppm 


3.9 ppm 


Comparative Example 5 


4.9 ppm 


131 ppm 


6 


4.2 ppm 


108 ppm 



15 INDUSTRIAL APPLICABILITY OF THE INVENTION 



[0163] As set forth above, the particulate zinc oxide or ultrafine zinc oxide particles of the invention have on the 
surface a cover layer formed of zinc silicate and hence they have high UV ray shielding ability and high transparency 
to visible light while they are suppressed in their photocata lytic activity which they inherently possess. Accordingly, the 
ultrafine zinc oxide particles of the invention have remarkably reduced solubility in water or in aqueous solution of 
sulfuric acid and, in addition, because they are suppressed in photocata lytic activity, they are suitable for use as UV 
ray shielding agents in products in a variety of fields, such as resins, coating compositions or cosmetics. 
[0164] Furthermore, the ultrafine zinc oxide particles of the invention which have on the surface a cover layer formed 
of zinc silicate but also which contain solid solution iron or cobalt therein are able to shield UV rays at longer wavelengths 
than UV-A rays which the known zinc oxide inherently can shield, and yet they are highly transparent. 



Claims 

1. A zinc oxide particle having suppressed surface activity characterized in that it has on the surface a cover layer 
formed of zinc silicate in an amount of 0.5-50% by weight in terms of zinc silicate (Zn 2 Si0 4 ) relative to the zinc oxide. 

2. The zinc oxide particle as claimed in claim 1 wherein it contains iron in the form of solid solution in an amount of 
0.1-20% by weight based on the zinc oxide. 

35 

3. The zinc oxide particle as claimed in claim 1 wherein it contains cobalt in the form of solid solution in an amount 
of 0.5-30% by weight in terms of cobalt oxide (CoO) based on the zinc oxide. 

4. The zinc oxide particle as claimed in claim 1 wherein it is surface-treated with an organosilicon compound, a higher 
40 fatty acid, a higher fatty acid ester, a metal soap, a polyhydric alcohol or an alkanolamine in an amount of 1 -20% 

by weight based on the zinc oxide. 

5. The zinc oxide particle as claimed in claim 1 wherein it has on the surface a first cover layer formed of zinc silicate 
and a second coating layer formed of an oxide of at least one element selected from the group consisting of Al, 

45 Si, Zr, Sn, Sb and rare earth elements on the first cover layer in an amount of 0.5-30% by weight in terms of oxides 

relative to the zinc oxide. 

6. The zinc oxide particle as claimed in claim 5 wherein it is surface -treated with an organosilicon compound, a higher 
fatty acid, a higher fatty acid ester, a metal soap, a polyhydric alcohol or an alkanolamine in an amount of 1 -20% 

50 by weight based on the zinc oxide. 

7. The zinc oxide particle as claimed in any one of claims 1 to 6 wherein it has an average particle diameter of not 
more than 0.15 \l m. 

5 $ 8. The zinc oxide particle as claimed in any one of claims 1 to 7 which has a solubility of not more than 2 ppm in 
terms of zinc in pure water and a solubility of not more than 20 ppm in terms of zinc in an aqueous solution of 
sulfuric acid having a concentration of 0.0005% by weight. 



19 



BNSDOCID: <EP. 



.1112964A1_I_> 



EP 1 112 964 A1 # 



9. A resin composition which comprises the zinc oxide particle as claimed in any one of claims 1 to 8 in an amount 
of 1 -80% by weight. 

1 0. A coating composition which comprises the zinc oxide particle as claimed in any one of claims 1 to 8 in an amount 
5 of 1 -80% by weight. 

1 1 . A cosmetic which comprises the zinc oxide particle as claimed in any one of claims 1 to 8 in an amount of 1 -80% 
by weight. 

12. A process for production of the zinc oxide particle as claimed in claim 1 , which comprises: 



10 



15 



20 



25 



30 



35 



40 



45 



50 



55 



addinq aqueous solutions of a water-soluble silicate and a water-soluble zinc salt to an aqueous suspension 
Nicies of wateNnsoluble zinc compound in such a chemically stoichiometric ratio ^^on^nic 
silicate (Zn 2 SiQ 4 ) and in such an amount of 0.5-50% by weight in terms of z.nc s.hcate (Zn 2 S.0 4 ) relative to 
the zinc oxide to be formed from the water-insoluble zinc compound; and 

washing the resulting product with water, drying, and heating the product at a temperature o ^ 3^-1200 C 
Thereby forming zinc oxide particles and a cover layer formed of zinc silicate on the surface of the z.nc ox.de 
particles. 

13. A process for production of the zinc oxide particle as claimed in claim 2 or 3, which comprises: 

precipitating hydrated iron oxide in an amount of 0.1 -20% by weight in terms of iron or hydrated cobalt oxide 
Tn an amount of 0.5-30% by weight in terms of cobalt oxide (CoO) on the surface of parties of a water- 
insoluble zinc compound relative to the zinc oxide to be forced from the water-insoluble z.nc compound, 
adding aqueous solutions of a water-soluble silicate and a water-soluble zinc salt to an aqueous suspension 
of the resulting particles of the water-insoluble zinc compound in such a chemically sto,chiome nc ra»c ^so ha 
they form zinc silicate (Zn 2 Si0 4 ) and in such an amount of 0.5-50% by weight ,n terms of z.nc s.hcate (Zn 2 S,0 4 ) 
relative to the zinc oxide to be formed from the water-insoluble zinc compound; and 

washing the resulting product with water, drying, and heating the product at a temperature of 300-1200 C 
ZS»£HZ zinc oxide partic.es and a cover layer formed of zinc silicate on the surface of the z.nc ox.de 
particles. 

14. A process for production of the zinc oxide particle as claimed in claim 2 or 3, which comprises: 

preparing an aqueous suspension comprising either coprecipitates of zinc and iron or coprecipitates 0 f Z inc 
and P coba 9 |t by adding a neutralization agent to either an aqueous solution of a wat ^"S^le z.nc salt and a 
water-soluble iron salt in an amount of 0.1-20% by weight in terms of .ron relat,ve to »e z.iK0xrfe ^or an 
rqueoussolutionofawater-solublezincsaltandawater-solublecobaltsalt.nanamountof0.5-30%bywe.ght 

in terms of cobalt oxide (CoO) relative to the zinc oxide; 

LdZ aqueous solutions of a water-soluble silteate and a water-soluble zinc salt to an aqueous suspension 
of the resulting particles of the water-insoluble zinc compound in such a chemically ^""^^^ 
they form zinc sSicate (Zn 2 Si0 4 ) and in such an amount of 0.5-50% by weight .n terms of z.nc silicate (Zn 2 S. 04 ) 
relative to the zinc oxide to be formed from the water-insoluble zinc compound; and 

wing the resulting product with water, drying, and heating the product at a ^SSTJi^S^r 
thereby forming zinc oxide particles which contains iron or cobalt in the form of sol.d solut.on and a cover layer 
formed of zinc silicate on the surface of the zinc oxide particles. 



20 



1NSDOCID <EP 1112964A1J_> 




o o o o o 

o o o o o 

LD *^ CN <— 



(s^tmoo) X^Tsue^ui 



BNSOOCID: <EP 1112964A1_L> 



21 




_1112964A1_L> 




BNSDOCID: <EP. 



1112964A1J_> 



EP 1 112 964 A1 



m 



INTERNATIONAL SEARCH REPORT 



International application No. 

PCT/JPOO/03046 



A CLASSIFICATION OF SUBJECT MATTER 
' Int-Cl 7 C01G9/02 

According to imernational Patent Classification (I PO or to both national classification and IPC 
B. FIELDS SEARCHED 



l ^^^^ ^^^^^O,. C0SK3/ 22 . C0.C1/0*. 
Int * C09C7/12, C09D201/00 



PA 



PA 



jp~ 11-256133, A (Nippon Muki KagaKU Kogyo 
ci l^rfar" Kosao0 2 oVi°VoooV] , 10021] , implementation 
example (Family: none) 

j P 10-X2041B, A (Mitsui Mining ft Smelting Co., Ltd.), 



jp B-059890, A (Mitsui Mining & Smelting Co., 

Par 99 ^°1"00B??\0010, , 100X61. C001B3 , 
implementation example (Family: none) 

JP 11-279358, A (Asahi Glass Co., Ltd.), 
12'october, 1999 (12.10.99), 
Claims; implementation example (Fam: 



Ltd.) 



Relevant to claim No. 



1-14 



1-14 



1-14 



none) 



1-9,12-14 



Fj ^listed in the continuation of B ox C. □ See patent family annex. 



"Soeeial categories of cited documents: 
Knent defining the general state of the art wh,ch .s not 
considered to be of particular relevance .... 
frtTcTSuLn. buTp.blbhed on or after the intemat,on.l filmg 

JSument which may throw debts on priority claimfs) or which is 
cSTesS ^publication date of another citanon or .to 



SCLnt published prior to the international filing date but later 
than the priority date claimed 



polished after the imerrumonai SlEg> date or 

cimn when the document is taken alone 

conridtted to involve an inventive step when the document t? 
cS£?wnh one or more oxher such 
combination being obvious to a person i ski i led ro the art 
douimcol member of the same patent family 



rbate of the actual completion of the international search 
28 July, 2000 (28.07.00) 



Date of mailing of the international search report 
08 August, 2000 (08.08.00) 



Name and mailing address of the ISA/ 

Japanese Patent Office 

i Facsimile No. 



Authorized officer 
Telephone No. 



Form PCTflSA/210 (second sheet) (July 1992) 



24 



3NSDOC1D <BP, 



.1112964A1_L> 



